Purpose To evaluate the long-term visual prognosis and complications of patients who received intravitreal Ozurdex injections for the treatment of macular edema (ME) due to retinal vein occlusion (RVO). Methods A total of 17 patients who received Ozurdex injections in our institution as part of the GENEVA study were recalled for examination. Recorded parameters included final visual acuity (VA), final retinal thickness by optical coherence tomography, persistence of ME, and the occurrence of any complications. Results Mean follow-up time was 50.5 months. Patients with branch RVO (BRVO) had a more favorable prognosis than central RVO (CRVO), and their mean VA had improved significantly, whereas the mean VA for the patients with CRVO did not improve significantly. Retinal thickness had reduced significantly in the whole group and in each subgroup separately. Complications included 10 patients with cataract progression, 1 with elevated intraocular pressure, and 1 with neovascularization and vitreous hemorrhage. Conclusions This is the first reported long-term evaluation of patients treated with Ozurdex. Our results indicate that it has favorable long-term safety profile, and may have a beneficial effect on the visual prognosis in BRVO even in the absence of continuous treatment. Further research is required to establish the optimal retreatment schedule for Ozurdex.
Introduction
Retinal vein occlusion (RVO) is the second most common vascular retinopathy causing visual loss, surpassed only by diabetic retinopathy. [1] [2] [3] The most common type is branch RVO (BRVO) with a prevalence of 0.6-1.1%, followed by central RVO (CRVO) with a prevalence of 0.1-0.4%. 4, 5 Both RVO types are often associated with macular edema (ME) causing visual loss. 6 The pathogenesis of ME in RVO is complex, and multiple factors have been implicated in it, including increased hydrostatic venous pressure, inflammation, endothelial dysfunction, and increased vascular permeability factors such as vascular endothelial growth factor (VEGF). 2, 7 Treatment of ME in patients with RVO had been previously guided by the historical Branch Vein Occlusion Study and Central Vein Occlusion Study. According to the results of these trials, treatment included grid laser photocoagulation, if no spontaneous regression occurred 3 months after presentation for BRVO 8, 9 and mere observation for CRVO. 9, 10 However, significant advances in the management of ME in RVO have been made, and, currently, several effective treatment modalities are available. Intravitreal triamcinolone was demonstrated to be superior to observation for ME in CRVO, 11, 12 and Ozurdex, an intravitreal dexamethasone implant (Allergan Inc., Irvine, CA, USA), has been approved for the treatment of ME in BRVO and CRVO. 2, 13 Intravitreal ranibizumab (Lucentis; Genentech Inc., South San Francisco, CA, USA) has been shown to be an effective treatment for ME in both BRVO 14 and CRVO. 15 Bevacizumab (Avastin; Genentech Inc.) is also commonly used off-label for these indications. 9 Ozurdex is a slow-release, intravitreal, biodegradable dexamethasone implant that is injected through the pars plana by a customized, single-used 22-gauge applicator. 2 The active drug, dexamethasone, is a potent corticosteroid with anti-inflammatory and anti-VEGF effects, and its intravitreal administration bypasses the blood-retinal barrier, allowing high intraocular concentration with minimal systemic absorption. 2, 16 The implant consists of a biodegradable copolymer matrix of lactic acid and glycolic acid, which enables the slow release of dexamethasone. 2 It has been demonstrated that high concentrations of dexamethasone are sustained in the retina and vitreous during the first 2 months after the injection, and lower concentrations are sustained up to 6 months. 17 Ozurdex has been proven effective, approved by the regulatory agencies in the United States and Europe, and is currently used in clinical practice for the treatment of ME associated with RVO and noninfectious posterior uveitis. 2, 13, 18, 19 It has also been demonstrated to be effective for the treatment of diabetic ME in vitrectomized eyes. 20 All published studies of Ozurdex focused on its shortterm efficacy and safety, following patients for 6 or 12 months only. 2, 13, [18] [19] [20] Information regarding the response to multiple treatments, the optimal retreatment interval, and long-term follow-up is lacking. The purpose of this study is to evaluate the long-term visual prognosis and complications of patients who received Ozurdex injections for the treatment of ME in RVO, as part of the GENEVA trial in our department.
Materials and methods
This observational study was approved by the Institutional Review Board of the Tel Aviv Medical Center, and all participants signed an informed consent before participation.
The study population included patients who were enrolled in our institution in the GENEVA study 2 for the treatment of ME in RVO. As the study injections were masked, information regarding their content was requested from and provided by Allergan, Inc. Patients who received 700 or 350 mg Ozurdex injections at the masked initial phase or 700 mg Ozurdex injections at the open-label phase (after 180 days) were included, whereas patients who received only sham injections were excluded. The primary outcome was final visual acuity (VA), and secondary outcomes were final retinal thickness by optical coherence tomography (OCT), presence of ME, and the occurrence of any complications by the end of the follow-up period.
The study file for each included patient was reviewed for demographic information, background medical condition, diagnosis (BRVO or CRVO), VA, intraocular pressure (IOP), and retinal thickness by OCT throughout the study period, as well as lens status, additional retinal findings, and the occurrence of any complications during the study period. In addition, the patient charts were retrospectively reviewed from the time of study conclusion to the present, and information regarding additional treatments and complications was recorded. Finally, the patients were then summoned and underwent a complete ophthalmological examination, including best-corrected VA, applanation tonometry, anterior segment, lens status, and dilated fundus examination. Patients were questioned regarding the occurrence of any complications, use of any ocular medication, or need for any additional treatment or surgical procedure since the first Ozurdex injection. All the patients also underwent macular OCT imaging by Stratus OCT (Carl Zeiss Meditec AG, Jena, Germany) as performed in the GENVA study. 2, 13 Comparisons of retinal thickness were performed for the central foveal location and the maximal macular thickness. The follow-up period was calculated from the time of the first Ozurdex injection.
For statistical analysis, all VA values were converted to the logMAR scale. According to Holladay 21 and the University of Freiburg study group results, 22 blindness was set at 0.00125/2.9 (decimal/logMAR), light perception at 0.0025/2.6, hand movements at 0.005/2.3, and counting fingers at 0.014/1.85.
Correlations between continuous variables were analyzed using Pearson's correlation coefficient, and t-test was used to analyze differences between groups. Because of small sample size, nonparametric analysis using the Mann-Whitney rank-sum test was performed. Data were analyzed using SPSS for windows version 17 (IBM, Chicago, IL, USA). A P-value of 0.05 was used to declare statistically significant difference between groups.
Results
A total of 28 patients were enrolled in the GENEVA study in our institution, 18 of whom received at least one Ozurdex injection and were eligible for this study. One patient was lost to follow-up, therefore our series consists of 17 patients. A summary of the patients' information is provided in Table 1 .
The 17 patients in this study included 8 (47%) men and 9 (53%) women, with a mean age of 68.35 ± 8.14 years (range 52-83) at the time of their first Ozurdex injection. In 14 (82.3%) of them, ME was secondary to BRVO, and in the remaining 3 (17.7%), ME was secondary to CRVO. At the time of the first injection, 3 (35.3%) patients were injected with 700 mg Ozurdex, 9 (53%) with 350 mg Ozurdex, and 2 (11.7%) received sham injections. Nine (53%) patients received a 700-mg Ozurdex injection at the open-label phase of the study. Overall, during the study period, 10 (58.8%) patients received one Ozurdex injection and 7 (41.2%) received two injections. The follow-up period from the first Ozurdex injection was 50.5 ± 17.3 months (range 28-67 months).
Background medical conditions included hypertension (HTN) in 11 (64.7%) patients and diabetes mellitus (DM) in 5 (29.4%) of them. None of the patients received any treatment for ME before their enrollment in the study. After conclusion of the study, 9 (53%) of the patients received additional treatments for persisting ME. Additional treatments included grid laser photocoagulation in 6 (35.3%) patients, intravitreal bevacizumab injections in 7 (41.1%) patients, and an additional 700 mg Ozurdex injection in 2 (11.7%) patients. None were treated with intravitreal ranibizumab because of its significantly higher cost.
Analysis of the whole group of patients
When the whole group of patients was analyzed together, mean initial VA was 0. Tables 1 and 2) .
Final VA and the change in VA did not correlate significantly with age, sex, presence of HTN or DM, number of Ozurdex injections, or administration of additional treatments during the follow-up period. A trend was noted between better initial VA and better final VA, but was not statistically significant (P ¼ 0.07).
At baseline, mean OCT retinal thickness was 496 ± 162 mm at the center of the fovea and 573 ± 119 mm at the macular area with maximal thickness. At the end of the follow-up period, only 4 (23.5%) of the patients still had persistent ME demonstrated by OCT or clinical examination. Retinal thickness had reduced significantly to 277±143 mm at the center of the fovea and 326±129 mm at the macular area with maximal thickness (Po0.01 for both locations). These values represent a mean reduction of 44.2% and 43.1% in retinal thickness, respectively (Table 2) .
Analysis by initial diagnosis
Our series included 14 patients with BRVO and only 3 patients with CRVO, and patients with CRVO had a (Figure 1) . Reduction of retinal thickness at the center of the fovea and at the macular area with maximal thickness was significant for both patients with BRVO and CRVO when analyzed separately (Po0.01). Patients with BRVO had baseline mean OCT retinal thickness of 465 ± 139 mm at the center of the fovea and 554±88 mm at the macular area with maximal thickness. Retinal thickness had reduced significantly to 238±50 mm at the center of the fovea and 291 ± 53 mm at the macular area with maximal thickness (Po0.01 for both locations). These values represent a mean reduction of 48.9% and 47.5% in retinal thickness, respectively.
Complications
Mean initial IOP was 15.5±2.1 mm Hg and the mean final IOP was 14.7±2.3 mm Hg. There was no statistically significant difference between these values (Table 2) . Only one (5.9%) patient had IOP elevation over 21 mm Hg throughout the follow-up period and was managed successfully by topical treatment.
All patients were phakic at the time of enrollment. During the follow-up period, 10 (58.8%) had cataract progression, which was documented in their retrospectively reviewed charts. Cataract progression was not graded according to any classification. Six patients (35.2%) had undergone phacoemulsification, and the mean period of time between the Ozurdex injection and the procedure was 28.3 ± 18.7 months (range 10-64 months). Four of these patients received one Ozurdex injections and two received two injections.
One (5.9%) patient with CRVO developed retinal neovascularization and was further complicated by vitreous hemorrhage. At the examination performed for this study, VA was hand movement, and the patient was referred for vitrectomy. No neovascularization at the disc, retina, or iris was found in any of the other patients. No retinal detachment, endophthalmitis, or any other complication were encountered in this study. Remnants of the intravitreal implant were not observed in any of the patients.
Discussion
This is the first study evaluating the long-term prognosis after treatment with Ozurdex for ME in RVO. When the whole group of patients was analyzed together, VA did not change significantly over a mean follow-up period of over 4 years. However, patients with BRVO fared much better than those with CRVO (Figure 1) , and in this subgroup, VA did improve in a statistically significant Long-term follow-up after Ozurdex for ME E Moisseiev et al manner. This finding is not surprising in view of the better natural history and better response to various treatment modalities of BRVO as compared with CRVO. 14, 15 Although VA improvement occurs frequently in BRVO even without any treatment, in the long-term, it rarely improves beyond 20/40. 23 In our series, 6 out of 14 (42.8%) patients with BRVO achieved final VA of 20/40 or better. CRVO has been shown to have a worse natural history, with most cases suffering further VA loss. 24 Treatment with Ozurdex has been demonstrated to be effective for ME associated with both BRVO and CRVO. 2, 9, 13, 18 However, these studies focused on the short-term efficacy of this treatment (up to 12 months of follow-up), with a maximum number of two injections, given at a 6-month interval, a period which may be beyond the effect of the drug. Although 53% of the patients in this series received additional treatments for ME after conclusion of the GENEVA study protocol (Table 1) , none were treated regularly after its conclusion. Therefore, despite the effect of the Ozurdex treatment, final VA also reflects considerably the natural history of the baseline diagnosis. Treatment with a single Ozurdex injection has been demonstrated to reduce macular retinal thickness. 2, 9, 13 This reduction was statistically significant after 90 days but not after 180 days. 2 In our series, retinal thickness at the end of follow-up had significantly reduced by 44.2% at the center of the fovea and by 43.1% at the macular area with maximal thickness (Table 2) . Persistent ME was demonstrated in 4 (23.5%) patients. This significant reduction in retinal thickness did not correlate with final VA. This may be explained that it results not only from resolution of the ME but also from retinal atrophy caused by the ME, especially in cases of CRVO.
Cataracts are a known complication of all types of steroid administration routes, and occur more commonly in patients with long-term steroid use. [25] [26] [27] [28] Rate of cataract formation 12 months after Ozurdex injection had been previously reported to be as high as 29.8%, depending on the number and dosage of injections. 13 Cataract advancement was documented in 10 (58.8%) patients in our series, and 6 (35.2%) of them had undergone phacoemulsification. Mean time between the Ozurdex injection and phacoemulsification was 28.3 months in our series, with only one patient who underwent the procedure within 1 year of the injection. Our results indicate that cataract formation may be a later complication of Ozurdex, occurring in higher rates after more than 12 months since the first injection. The safety profile in our series was very good. Ozurdex treatment did not cause a significant difference in IOP over the long follow-up period. Only one (5.9%) patient had elevated IOP and was managed successfully with topical treatment. Rates of IOP elevation were higher in the short term after intravitreal injection of both Ozurdex and triamcinolone. 2, [11] [12] [13] One patient with CRVO suffered significant VA loss due to retinal neovascularization complicated by VH. The GENEVA study did not differentiate between ischemic and non-ischemic CRVO at baseline, 2 but it has been established that approximately one-third of non-ischemic CRVO eyes convert to ischemic CRVO within 3 years, and more at significant risk of neovascular complications. 24 Therefore, this unfavorable final VA may not be related to the Ozurdex treatment.
Limitations of this study include its small series size and, especially, the small number of patients with CRVO. In addition, 53% of the patients received additional treatments for their ME during the follow-up period, and their effects may confound that of the initial Ozurdex treatment. However, we note that except for one patient who was lost to follow-up, this was the maximum number of patients available for this study, and emphasize that additional treatments did not correlate with any of the parameters recorded. Another limitation is that the degree of cataract progression and cataract type were not graded and documented, and therefore, it is not possible to assess the significance of their effect on the final VA.
Despite the limitations, this study is of clinical importance because it is the first to investigate the longterm prognosis and complications in patients treated with Ozurdex for ME in RVO. Its short-term safety and efficacy have been established, and Ozurdex has rightfully earned its place in the arsenal of treatments for RVO that has grown over the recent years. 2, 9, 13, 18, 29 Our results indicate that it is well tolerated with an excellent long-term safety profile, with cataract progression being the most common complication over time. Long-term efficacy was lower than that found in the short term. This is not surprising because no patient was treated on a regular repeated basis throughout the follow-up period, and the clinical course of the patients in this series undoubtedly reflects the natural history of RVO to some extent. However, it is important to note that even without regular and repeated treatments during the long-term follow-up period, patients with BRVO treated with Ozurdex had a better visual prognosis than that expected without any intervention. 23 In conclusion, treatment with Ozurdex for ME in RVO has favorable long-term safety profile and a positive effect on the final visual prognosis in patients with BRVO. Most modalities in current clinical use for ME in RVO require repeated treatments. [9] [10] [11] [12] [13] 29 Further studies are required to establish the optimal retreatment schedule for Ozurdex, but its long half-life may have a significant advantage over other options, allowing for a significantly longer interval between injections and
